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First Workshop on 
MBE Growth, Physics 
and Technology 
Warsaw December 1 2-1 5, 1994 
by Mohamed Henini 
I first had the opportunity to visit Poland as a tourist in 1978. There clearly have been changes 
in every aspect since then. The first conference in this series was held at the Institute of Vacuum 
Technology and was devoted to the technology and physics of MBE and based around keynote 
lectures. These were delivered by internationally acknowledged experts and covered a wide 
range of fields. This objective is, in my view, particularly important to the Polish scientists 
with their need for collaboration. 
A s an observant visitor to 
Warsaw today, I can see 
evidence all around me of 
the forces that have brought Poland 
economically so far, so fast, in these 
past five years. Walking down the 
city's main streets, the number of 
international names that decorate 
the shop fronts, advertisements etc. 
attest to Poland's blossoming com- 
mercial relations with the rest of the 
world. It is felt that foreign invest- 
ment has set new standards of service 
and quality. Foreign visitors will see 
many familiar names, not only the 
fast food chains, but computer com- 
panies and telecommunications i dus- 
tries. Po land has recently been 
designated as one of the world's ten 
big emerging markets. As a visitor to 
Poland you will also be able to sense 
the workings to a fully democratic 
society. I was told that automobiles 
are a strange commodity in Poland: 
once rationed, now avai lable in 
abundance. This became obvious 
when we started looking for a park- 
ing space. 
My overall impression is that Polish 
scientists are looking for collabora- 
tion with the West and are eager to 
demonstrate their strength and cap- 
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ability. They are very keen to host 
international conferences 'to put 
themselves on the map', and I hope 
this workshop on MBE will serve this 
purpose. I feel privileged to be invited 
to give a talk at this meeting. It is also 
an exciting time to be here and to 
witness the beginning of a bright new 
future. 
The conference was opened by 
Professor M.A. Herman and other 
conference organizers. In total, 33 
talks were presented throughout  
meeting. There were over 70 partici- 
pants, approximately 50 from Poland 
and 20 from 11 other countries. Polish 
attendees were mainly from the 
Institute of Physics, Institute of  
Electron Technology and Institute of 
Vacuum Technology in Warsaw. 
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There was a small exhibition of MBE 
related equipment and materials. The 
9 invited speakers from Austria, 
Finland, Germany, Japan, Poland, 
Russia and UK were chosen to 
provide state of the art lectures in 
key scientific areas. These lectures 
were complemented by an excellent 
range of contributed papers which 
added to the topics considered. Se- 
lected highlights of the meeting 
follow. 
The first speaker at the meeting, G. 
Bauer (University of Linz, Austria) 
described a novel technique for the 
study of strain relaxation in lattice- 
mismatched heteroepitaxy based on 
scanning tunnelling microscopy 
(STM). He showed that by combin- 
ing STM and RHEED data the 
essential parts of the 
strain relaxation can 
be followed. This will 
open new possibilities 
for the testing of var- 
ious theoretical models 
on strain relaxation. 
The major strength 
of gas-source MBE is 
in the use of only one 
group-V beam. Arsine 
and phosphine are pre- 
mixed inside a single 
cracker cell. An utili- 
tarian advantage to the 
use of such a cell is a 
close gas flow or pres- 
sure control of AsH3 
and PH3. The hydride sources are 
semi-infinite and replenishable with- 
out venting the reactor. The group-V 
beam fluxes are constant throughout 
the lifetimes of the gas supplies. GaAs 
and InP, ternaries, quaternaries and 
heterostructures, regardless of struc- 
tural complexity, can be grown by this 
method. Disadvantages are the use of 
toxic hydrides, the need of many 
group-III cells similarly to the case 
of solid-source MBE, and a relatively 
high price of the system. 
M. Pessa et al. (Tampere Univer- 
sity, Finland) presented growth of 
GaInAsP lattice-matched to InP or 
GaAs using MBE. The following 
topics were discussed: 
Details of the compositional control 
of group-V elements: this control is 
complicated because of different in- 
corporation efficiencies of As and P 
and dissimilar dependence of these 
efficiencies on growth parameters. In
general, under normal growth condi- 
tions any increase in x or growth rate 
increases the ratio of the P-to-As 
sticking coefficients. Perhaps the 
most unexpected result is a step-like 
change in alloy composition as a 
function of growth temperature for 
certain GalnAsP-InP compositions. 
Another interesting observation is 
the finding of a miscibility gap in 
GalnAsP around ~'gap ~'~ 1.3 lam, as a 
consequence, growth of GalnAsP-InP 
in the region 1.3 < ~gap < 1.55 lam is 
extremely critical. 
Determining the (x,y) versus band- 
gap Egap relationship: the (x,y) - 
Egap diagram was studied throughout 
the entire composition ranges of the 
lattice matched systems, covering the 
bandgaps 0.75 < Egap < 1.35 eV for 
GalnAsP-InP and 1.42 < Egap < 
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1.92 eV for GalnAsP-GaAs. 
Doping experiments on GalnAs 
using a graphite ~ource: a net hole 
concentration of over 102o cm -3 has 
been demonstrated in their labora- 
tory. So a high doping level, com- 
bined with negligible diffusion of 
carbon, opens new applications for 
gas-source MBE grown materials, for 
example, for preparing very-high- 
speed heterojunction bipolar transis- 
tors. 
Applications for gas-source MBE 
for fabricating optoelectronic devices: 
widely studied are laser diode materi- 
als for optical telecommunication 
applications; they discussed in parti- 
cular, materials used in new Al-free 
980 nm lasers which are intended for 
erbium-doped optical fibre amplifiers. 
The MBE growth process occurs on 
the surface of the substrate crystal, 
thus, a series of surface processes are 
involved in MBE growth. Adsorption 
of the constituent a oms or molecules 
impinging in UHV on the substrate 
surface, surface migration and disso- 
ciation of the adsorbed molecules, 
incorporation of the constituent 
atoms into the crystal lattice of the 
substrate of the epilayer already 
grown, and thermal desorption of 
the species not incorporated into the 
crystal lattice, belong to the most 
important surface processes inherent 
in MBE growth. 
Many experiments using different 
surface sensitive characterisation 
techniques like static and dynamic 
reflection high energy electron diffrac- 
tion, or modulated molecular beam 
mass spectrometry, have been de- 
voted to study the growth mechan- 
ism in MBE. These experiments dealt 
mainly with the MBE growth process 
of GaAs and related 
compounds, how- 
ever, some funda- 
mental rules creating 
a physical picture of 
the MBE growth pro- 
cess in general may 
be concluded from 
the wealth of data 
which became avail- 
able. M.A. Herman 
(Institute of Vacuum 
Technology, Poland) 
introduced in a con- 
sistent form a physi- 
cal picture of the 
MBE process, taking 
into consideration 
the atomic nature of the crystalliza- 
tion phenomena occurring in MBE 
growth. For this purpose, the entire 
MBE growth system involved in 
epitaxial crystallization phenomena 
is divided into three different parts. 
The crystalline solid phase is one 
extreme, the gaseous phase is the 
second extreme and the transition 
layer in between, where gradual 
transition from a gas to a crystal 
occurs, creates the third part of the 
system. The transition layer, where all 
processes leading to epitaxy occur, is 
obviously the most important part of 
the growth system. Its geometrical 
form and the processes occurring 
there depend strongly on the growth 
conditions chosen. Three approaches 
were considered when describing 
processes in the transition layer 
leading to different MBE growth 
phenomena. These are: (i) thermody- 
namics, (ii) "surface sites-particle" 
interaction analysis and (iii) surface 
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The sensitivity of the anisotropic 
reflectance on epitaxially prepared or 
growing surfaces results from the fact 
that in the cubic diamond- or zinc- 
blend-type semiconductors the bulk in 
general behaves isotropicly, but not 
the surface. The isotropic bulk reflec- 
tance contribution therefore cancels 
directly when the anisotropy is mea- 
sured by the differential technique. 
The large number of anisotropic 
surface reconstructions occurring 
especially on the technologically im- 
portant (001) surfaces are to a large 
extent responsible for the potential of 
the reflectance anisotropy spectro- 
scopy (RAS) for epitaxial growth 
monitoring. These surfaces constitute 
therefore an ideal application ground 
for the study of the surface modifica- 
tions. W Richter (University of 
Berlin, Germany) discussed epitaxial 
growth by MBE, MOMBE and 
MOVPE with examples taken from 
II-V and II-VI semiconductors. Real 
time monitoring of deoxidation, sub- 
strate stabilization, stoichiometry, 
monolayer  growth osci l lat ions 
(growth rate) and exchange reactions 
at interfaces were presented. This 
information obtained with RAS was 
compared with one obtained by 
RHEED in MBE or MOMBE. The 
main differences occur because 
RHEED monitors long range order, 
while RAS as an optical technique 
responds more to the local order and 
also gives chemical information on 
the surface. His results also indicate 
differences in growth mechanism 
between the different growth techni- 
ques. 
Epitaxial rare-earth (RE) silicide 
films on Si substrates have attracted 
considerable attention over the last 
few years. They have peculiar proper- 
ties, namely a low formation tem- 
perature and the lowest Schottky 
barrier height on n-type silicon (0.3 
eV). When formed epitaxially, RE 
silicides are of special interest be- 
cause of the well characterized inter- 
face which allows fundamental 
studies. Epitaxial silicides also hold a 
promise for novel, multilayered device 
structures. Most of them can be 
grown epitaxially on Si(ll l). The 
very low lattice mismatch between 
RESi(0001) and Si( l l l )  allows a 
convenient epitaxial growth of the 
former on silicon substrates. How- 
ever, the morphology of the films 
formed is found to depend greatly on 
the epitaxy technique used. P. Mazur- 
ek et al. (M Curie-Sklodowska Uni- 
versity, Poland) have thus undertaken 
a study of the different possible 
techniques ( olid phase epitaxy, reac- 
tive deposition epitaxy and template 
method) in order to determine the 
procedure which gives good quality 
silicide thin films. The form of the 
silicide films was followed in situ by 
RHEED. Silicide formation has been 
studied with an advanced computer 
controlled imaging system which uses 
a CCD camera and array processor. 
The system is capable of in situ time- 
resolved measurements of the inten- 
eroepitaxial process and growth mode 
can be disclosed. The InAs layers 
were grown on the (100)-oriented 
GaAs substrates with As-stabilisa- 
tion at 480°C by molecular beam 
epitaxy. RHEED, AFM, EL and 
PCS were used to investigate the 
InAs islands. The valence-force field 
(VFF) method was applied to calcu- 
late the critical thickness, and plan- 
view of TEM and PL were used to 
observe the critical thickness. 
InAs quantum dots in a GaAs 
matrix have been prepared by D. 
Bimberg and co-workers (University 
of Berlin, Germany) by MBE using a 
self-organizing mechanism. A narrow 
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sities and profiles of multiple diffrac- 
tion beams. By monitoring the inten- 
sity and linewidth of the diffracted 
streaks during growth, the surface 
dynamics could be studied. Glancing 
incidence X-ray diffraction and SEM 
have also been used em situ to acquire 
insights into the crystalline para- 
meters. Experiments were carried out 
in a UHV (I-5x10 -~° Torr) MBE 
system. Best results are obtained by 
using a combination of template 
method and reactive deposition epi- 
taxy. 
Island growth and critical thickness 
of InAs on GaAs substrate have been 
investigated by A. Sasaki (Kyoto 
University, Japan) from which het- 
size distribution of single dots of 
truncated pyramidal shape (typically 
with a base of 12 + 1 nm and a height 
of 2 nm) was directly imaged with 
transmission electron microscopy. 
The dots were found to exhibit self- 
organized short range order and 
preferentially aligned in rows along 
< 100>. The photoluminescence of 
the dot ensemble was found to be due 
to fluctuations in dot size, shape and 
strain, a FWHM of typically 50-60 
meV. However, using highly spatially 
and spectrally resolved cathodolumi- 
nescence it was possible to excite 
directly a tiny fraction of all dots 
(typically only 30 dots). Under this 
excitation condition the spectrum 
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changes drastically into a series of 
ultrasharp lines with a FHWM < 
0.15 meV (limited by their spectral 
resolution), each originating from a 
different single InAs quantum dot. 
This directly visualises their 5-func- 
tion like density of electronic states 
since the lines remain sharp even for 
kBT )) FWHM. 
M. Henini et aL (University of 
Nottingham, UK) discussed the 
MBE growth and properties of 
GaAs/A IGaAs  heterostructures 
grown on high index GaAs surfaces. 
They particularly reported the highest 
hole mobility ever observed by any 
growth technique. 
D.I. Lubyshev et al. (Institute of 
Semiconductor Physics, Russia) in- 
vestigated the aluminium molar frac- 
tion effect on the surface corrugation 
of AIGaAs grown on the (311)A 
GaAs and AlAs. The same group 
studied the surface micromorphology 
and superstructure of GalnAs and 
AllnAs grown on the (100), (311)A 
and (311)B InP by MBE. 
The conference proceedings will be 
published in Thin Solid Films. 
Warsaw proved a delightful loca- 
tion for the workshop. The city itself, 
despite its virtual destruction in 
WWII, retains enormous charm and 
character. All credit to the workshop 
organizers for an efficient and well- 
organised meeting. The social pro- 
gramme including the ballet perfor- 
mance of Tchaikovsky's 'Nutcracker' 
held at the Great Opera Theatre and 
visit to the Royal Castle will remain 
pleasant memories. 
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You are welcome in Bratislava for 
3rd B islava Days on 
Topics= 
that will be held on 
May 16-17,  1996 
at Slovak Technical University 
in Bratislava, Slovakia 
* Surface kinetics 
• MBE instruments 
• New directions, new mater ia ls  
• Novel heterostructures grown by 
MBE and others...  
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Dr Robert Redhammer, 
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tlkovicova 3, SK-812 19 Bratislava, Slovak Republic. 
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I am interested in more information about the 3rd 
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